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Abstract of the Dig clo&^re 
A control system tor a otolojJinatiou plant 
Cor paper pulp provide*; .for x&ed forward control for 
oonfcinuoualy adjusting the percent: appliod calorinc 
to compensate for short ancl cnediwti terns variations 
in bloacb demand of the brown stock. A mathematical 
model Of. the process may b<* actuated for variable 
retention time and chilorination toroparaturet-R and also 
nccounw for the parallel oxidation and substitution 
roactiona in tho bleaching process, A chlorina. li on 
fiftoaor is alao provided which, coiuponsatea (Tor changes 
in consiBitancy «nd haa Lwo tioicjcted een^ing wavelengths. 




Tire pxnaoenl; invention relates to a method 
of blsacb plant control and wore specifically to a 
color inatio»/«xtr action control system. 

In the paper making process the pcp»r pulp 
Id pricjhL«petS to a aelected target value or Xappa 
number fay bleaching, Kappa number Lk a measure of 
tho quantity of lignin in the palp. An osscntiR] 
part oi the hie aching process ia An the color in at ion 
and extraction stages where chlorine ie added Lo the 
paper pulp and reacts with tbe ligoin. Lignin is 
the material in paper pulp which causes its brown 
appaartincc And which wvst be removed to produce white 
paper or in other vordtf, to produce a Kappa mimb<?r 
or brightness of a selected value. 

tfhuB, in theory, it is desired to add the 
proper amount of chlorine bleach for the amount of 
ligoin pjrosojvb io the pulp currently bain<? inpuLed 
into the bleach plant* 'rhifl inputed pulp is normally 
tormod brown ctock. After completing the cUlofri»atJ.on 
and extraction process the bleached pulp lias &ft extracted 
Kappa o* K number which ic as close to the target 
bb pee Bible. 

typical bleach plants way have the following, 
ptage arrangements 

1) CSHD 
2} CK)Kb 
3) CEHDED 

where 

C « chlorinutaon tover 
IS « extraction cower 
H - hypochlorite tower 
D « chlorine dioxide tower 
If *ir« two itages, C and B, arc coo trolled precisely, 



909050 



the control of the later stages is anich oasie^. 

Oflei fcypa of bleach co»trol aye Lew which 
ha* boon ur,od Xt\ tho *wt 1*; Mi* "black vidov" control 
aystftm as deacribud in an oxticlo by Obonshfiin III 
■PfiOTl, January, 19.S8, Voltuaci 41, 3?o. 1. 2n tho "black 
widow" fjy/itew & photoaietxic eenaing device located 
i3own*tr*axn oX the clorinator feeds back information 
at* to the brightness ox: Kappa number o± the ptdp at 
that point to control o chlorifl© toIvo. Howovex, 
10 this SYBtfcro flonr. not adequately control the extracted 
Kappo number e-uwu tHe point at: whiiah tbe aansimj 
device is Located ie upntreatn of the chlorinatiou 
tower and extractor. Thus, if- will not easily or 
adequately coropenaate tor either ambient teroperatur© 
chungos or changes in retention ti»e ox the paper 
pulp in the chlorintrtion process. 

Another approach to chlorination is described 
in an article entitled "L New Approach to In-line* 
Control oU Ch^orinal:ion ,, by Jaok Strom and Harvey 
ZQ Noyrich in tho periodical Pulg apd Pager f Awrch, 1*72/ 
and in U.S. Parent No- 3,465 f 5S(U This system h*.a' 
essentially the same disadvantage* as tbe "black widow" 
ayateuu 

Xn addition, both of the £oro<foin^ approaches 
ueo a proportional plus integral analog controller 
tchich produces an unstable control loop. P and I 
controller* arc uauaXHy detuned to provide a sluggish 
response becnuve of tliu danger or process gain or 
deadtioi* increasing; li those increase i the control 
30 loop baconee unstable. 

AJ1 of the conventional control nothods 
for bleach plant control hav* poor control capabilities 
which either result in high bleaching cOfltS bece'ice 
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r>f the w«tiA tun of diciatctils, end conconVtantly pollution erebicr*, 
and also /*aulta> in poor ctmtTol of brAfihtnass. 

IdaaUy for perfect cimf^ol» h ptirc feed fbrnard system 
would be cr;«l vhorc tfio cmount oJ Ugniu. in the Incoming pulp It 
careiany jw»»9icrrd and the proper amount oC chlorine Is then atMed 
to react with tho measured Hfpiin to produce Che desired amount of 
blaachfng or brightness, this cannot b* don* sine* the mount oF 
1iRft*n cannot be Fucccsslvlly moftsuved. 

Hrcovox, the e££*ct o£ the cJaoiuuft ha* been urld»$ 

cm bo neasurad. But,- ajcaln a pure rtteedbncfr control system cannot 
be used since- th* total time for a typical chloTinaticm/ejcfcYactfiuH 
proem* may rimyc freru 2 to 3 hours. This includes tiie time In a 
chlorine uu'ttori a chlorino twor ami an extraction lower. 

It is, therefore, a general object of the pros out invention 
Co provide an improved Control system for a bloacJi plant. 

ft to imDthor object oi the invention in ernvxdc ;i chlcri.ua t*i on/ 
extraction control system which provides Lmprnvod regulation o.t* ex- 
tracted (Coppn nrneor end henoe brightness. 

It is another object of the invention to provide an improved 
nwtficd of tensing chlorination. 

• It is another obj act of the invontion to proidde a chlor- 

in^taoci sensor I.n v sysben sib above which eutomticaily compsnsnes 
Jhr change* In consistency. 

TKo present invention provides a method vi control I \ny 
tho extracted Stripp* n«Hl>ar popex pulp in u process having a con- 
tinuous flow oi such pulp tfiro<%U prefixing neons -where n bleaching 
agent is added and partial bleaching takes place and throngh reactor 
means to substantially conple-te Sucii bluaclmjR said pulp being sus- 
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c«pfciMc to tho concentration of llgnin which is> urtaaus crrubl* li/ 
itself vhich affects said lappa number and whase aold pulp i* *u*'- 
jocteil to M)4 blenching agent 1j) su:td praidxiug moos mil said 
xc-tistor iu>«]> which affects said Kappa WtfiW said u»thotL eowptts- 
uvff the ioUoving stops: sensiuy. a color value xelated to said 
Kappa uwfoor aflec s.tU Material Uuji been Mibjei^oO fcv *?iid blanch- 
ing agent in said prund-xin^ noans; providing r prediction ma4oi 
which in response to *aUl sensed vaius. Che niiount of Meedtlag 
agaut add*], and teagiemtKTC nnd retention tine in paid pronixer 
:iud reactor nonaa, predicts the future value ol said Xapp* nUltber 
af tcr being withdrawn Iran means relative to the prasaut amount 
ox* bleaching agent heing added; and collar in? sirid predicted 
future valet* sifter lining withdrawn from the reactor tobus with 
a sot poiAC -t&tVTttftte n»<C ciian^ iuj »a*.d Mmowit of btaicZiing 
ogeat irt response to u lacfc of comparison. 

Piguxe 1 ia & black diagram of both the actual process 
•for dilorinatinri/axtrsctian oF paper pulp alonfc tflth a functional 
block dUgrau of the ptficeafi iflvlcU khe aeft eclated computer controls. 

Pignro 2 i* n simplified scheir<atic of tho chiorination 
Sensor of Figure 1. 

Pigora A is a set of characteristic curve* useful in under, 
scundittg the oporation of tho sonsor of Figaro 2. 

Piguro 4 is a sot o.P curias useJhil Jn understanding the 
operation of the process of Figure I. 

Figure 5 Is a mciro detailed block diagran «F Figure I. 

In Pijnre 1 there is shown in tha process portion 10 a 
typical eh loriiuttctt/ extraction plant. Portion 11 Is either a 
computer irr spncdal purpose: 



|5/16§[ 

999350 

control unit which control s the operation of the plant 
portion 10. 

Specifically, the portion 10 includes a 
cblorination prenixex anit 12 wbioh has as input* 
the brown stock psper pulp flow on line 13 and chlorine* 
flow on a line 14 which la controlled by a vaivt arrange- 
ment 16. The percent of ch)orine applied to the hro*/n 
Stock, of oourac/ i* a major factor in dotorroiiung 
the extracted Kappa number or final brigMjw^r. At 

10 thus output 17 &t the end of tbc process* The chlorine 
promixor 12 may ntiva a retontion time of 7.0 second* • 
to five raiLnotes. The transfer function of the preanixer 
ia represented by the mathematical, notation Gl (»> . 
Tbe * transform fun c Lion is ©oanevhat similar to a 
LaPlaco transform function except that instead of 
beinc a continuoun variable tho z trancfor function 
ie based on periodic samples! e*g», every second. 

The output ,oJ! th* chloric prcmixcr which 
is normally a continuous flow is Jfocl to a chlorine 

20 tower 18 and then to an extraction cower 19 boon of 
which ara ocaontially plug flow reactors* 'J'he total 
transfer function of the contained cnlorin at ion/ex tract ion 
procoss is represented as 02 tz) and represents a time 
oelay of from, two to three, bcurc. At the outpxil- of 
the chlorination premixor 12 is a chlorinntion senior 
21 which senses ch* color or fc*«e partially. reacted 
.pulp after having ooon subjected to the injected chlorine 
for the retention time of the preraixer. The sensor 
output has beau designated DS. The chlorinafcion process 

30 continuea in the chlorine tower IB. The reaction 
pmduc-tn are extracted in extraction towr 5 9 where 
the final extracted Kappa number is reached. 

• Referring now to the computer portion 11 

-5- 
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of riguro 1* a predictor unit 22 provides a matbetaotical 
model which praOicta tho coalition of the puip )eoving 
fcbe extraction tower 19 t in otbar words, predict* 
the extracted i:appa number, K, based on the currant 
operating coxvSitiene. Pri*d5oetnr Z7. is responsive 
to aeveral ayotuoav parameters; percent appli*** di lorinO, 
cit, temperature, 'r, ehlorinatien aeosor reading, 1)8, 
and the rotonti un time* of both preiaixcr 12 and chlorint 
tower IS, Xn addition r Othor operating variables 
10 of the chlorJ.r,fitJoo process which are taken into account 
ere the type of pulp arki true actual particulai character- 
iecioc of the proceeding cquipoent vhich incindee> 
of covirso, chlorine premlxer U f chlorine tOVOr 19 
and extraction Lover 19 ♦ All of thctfo variables including 
ambient toiuperatura and retention tiroea are represented 

A- - A - 

by the input parameters Kl ' through 9 . Predictor 

A 

22 thus .provides on ita main >outp\it line 23, SK or 
the predicted extracted Kappa number. 

A byproduct of the predictor is the brown 
in a took predicted Kappa number RX which' ia actually 
tho amount of lignin In the current incoming paper 
pulp* TM* valuer o£ courso, cannot normally be measured 

A 

by ordinary on-line raethoda. The value ot BK is very 
v.eqfuV in the control of tho pulping process which 
precede a tho blenching proceaa. a* illuttrated, prodic— 
nor 22 has ha Other Inputs the brown stock flov» and 
the tfluv of chlorine. A combination of these two 
eieasnta with brown stock consistency will provicto 
the percont chlorine (CL) added to i*e brown stock. 
30 Periodic feedback control of the extracted 

Kappa numhtr, UK* from output line 17 is also provided 
to stabilise the remainder of the control system against 
alow Or 1ft in unmoa sura bio variables, rho initial 
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: ftjcu-ftcboa Kaypn jiuobOr »'jt point i» compared h.1t;h 

^« 

the actual value and any error drives n predictor 
* * update unit 25 duo3goatcd with a function U2 {a) . 

i 

. ; output. 2? oZ* tJiiu predictor In oneoce provides a 

feedback bics-j which whan combined vUh the predicted 

A 

) extracted Kapps number, EK, provides eo lint* 28 & 

Kappa number updated for alow drirttf. Thie ie combined 
with, a lino 33 "which hae the current ert**ctted Knppa 
'.«. number Bet poii^t or target, the diffarancn then providing 

i 10 an orror signal on line 30 to drive a chlorJuo controller 

- 51. This controller hu a character la-tic nXM Which 

ie designated to conpeneate £ov the delayed iw$«ujurcment 
.:; of the chlorination eensor 21* In other wordw, the 

i controller 31 nac a control algorithm DlCz) which 

LB a aempled-data, dead- 1 Awe cojnpeosut*d control algorithm. 
Xbe output of controller 31 on lane- 32 drive t the 
.'j cnlorine valve control unit 16 in accordance with 

•j the error on line 30, 

Dslay unit 24 Incorparates a mathoroatienl 
20- model G2<a) which is the retention time of the entire 
chlorlrtatiun/oxtrantion proceae. Thlx unit enables 
the operator to easily change! the final set point 
by adjusting tb<± current extracted Kappa number eet 
jjolnt." This change xnuat, of couree, be delayed by 
C2(z) b^iore being compared with the actual extracted 
Kappa number to provide on update* 

It ie apparent £rom tho rorouolay .description 
that the computer uni t 11 could bo oither q epeciai 
purpose computer / a general purpose cotnputor or & 
30 Bp a dally designed control noit with the actual functional 
blocks and 1.1 nap as lllutrtratod* 

fxau a more theoretical ae£ overall viewpoint, 
it Ik apparent that the »ystou a* Aoscribed *bovc 
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ie eaeontialiy * teed forward ayateai fch respect 

bo tha predictor 22 with 4 d*l*yt=«J T*ja!>\ur«»«JDt Of 
Uitt dXjfcoxlxjnao vaxiuM* . I'hic <Ji*turb»M>c* VMxiahLct 

la, of courto, the amount of lignin In tha brom atocX. 
or paper pulp* The coo trolled variablo io the brightricw 
or extracted Kappa number of tbn brown stock and tl** 
maalpufc»teu vaxioble i* the porconr, chloric added 
to tha bxovn stock. 

Figure 2 iliua-troto* tha atxAictural dotaila 

10 of chlorlnat.ton aensor 21. Such color ination tenr-ox 
is similar Id concept to u moisture aenalng OCVico 
discloaed end claimed in B,S. Kaceut 3,541,349, 'jfhe 
eenaor in ooKence measxiroj; the traqemSssion of both 
visible and infrared light through a vinjiow IK In 
the pulp tronsniaaion llna 37 from the culorine yrcraixor 
12. A light source 38 is focueed by lonaob- 39 And 
11 and chopped by chopper 42. After being transmitted 
through tha pulp or brown stock union 1b slewing" ' 
through thu line 37/ At i* yplit into two portions 

20 by a beam splitter unit 43. One portion is filtered 
by a filtorXl, focused thoronfter by a lens 44 and 
d&taeted by a dotoctor «lfi. The other portion ic filtered 
by a J?Utowr^3 f focused by lent; 47 and detected by 
* detractor 4S, The outputs of boVt' detectors arc 
amplified by amplifiers 4$ and 51, demodulated by 
demodulator 52 and thoA coupled to predictor 22. 
Vhua/ the output of demodulator 52 la BS or the r.hlorin- 
ation senior output. 

the wave lengths X 1 andX2 are a? illustrated 

30 in figure 3 substantially 50Q NiHimicrons end 1075 
millimicron a. In OtJior w<orda,Xl i5 in -the vioiblo 
rango and^2 in the near lair ax* d frequency £[/cctrum. 
4 i 4 he curve* of Figure 3 illustrate t0\e tianMolssioo 
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! cbaractoriatic of the unchlorinatHtJ hrovn stocX and 

*** 

the brown stock &±£tir nhLori notion and retention tlfecu 
-.' . * of both two mJLuuttiy wad SO » Inula*. It ie apparent 

: : ; that tha transmission of the wavelcno;th \l will be 

0 conaionrably affected by the amount or brightening 

■'\ or bleaching of the brown stock while fch* transmisBian 

.J of the wavotwri^th "^2 ii una. Mcvtod. rhue, una l*Lt«K 

'i vavolongth may be used as a reference and when compared 

•>$ with>l will provide an indication of the chlorine 

10 . with fcbc brovn wtoc*. rt is also apparent tnatXl 
^ . .aa£?l2» although it 1b believed that optinu* values 

have been Moiected, way be varied somewhat from tbo*c 

It 

~3 values to achieve tha deeixed neasuroaent reaulta* 

vj tthe ohlorinafcion soneor will aleo automatically 

l 

.i compensate fox consistency changea. This is because 

* •> 
' A . 

•j the province of more fibers incronsas the amounu of 

':}. lignin in the path lorttfth of the light being transmitted 

. through the window thua making the fiber xnaec iooh 
darkar. TM.S, tharofore, result* in the controller 
:'{ 20 mcreaairis tha chlorine flow. 

:{ ' In the preferred e«u>odiJil(mt of tha prea*nk 

"ft 

y invention the operation of predictor 22 la bcood on 

*i 

J tJie assumption that two reactions, namely oxidation 

■j • and substitution, occur simultaneously in producing 

tha bleaching of tha brown etec* by the chlorina. 
ij This Id illustrated in Figuro i where tha aranont of 

.v| chlorina consumed ralative to tha tofcal reaction tijaa 

providoa substitution and oxidation curves, the total 
chlorine consumed being swrely tj>e addition of tho*o 
30 two reaction curvoc. Tho eubatitution curve rises 
: .j ' very rapidly relative to tlx> oxidation curve. It 



iff apparent that corrida rati on of these reactions 
ia useful in providing a roatheonticol nodal of the 
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Mtt*ubJ.n* ytfooeaa. Tftii ia especially important vhor*, 
referring to Figur© 1, the oulorination censor U 
is necessarily located ianediately at the output or 
the chlorine premixer which may bnve a relatively 
ahort retention tixsnt. This location ii necessary 
Bxncc by »i^itti2 lng this delay fcfcnc the control eystetn 
response to rapid or Mob frequency chants in brown 
stock Kappa number 1a mado ponible. 'J!he retention 
ui*e will, therefore* fall Id tl»* very early portion* 
of the substitution-oxidation reaction cvrvos whoro 
t&c fastest rate of change i* occurring. Thus, for 
an accurato prediction, it* 'is beiievsd that it ia 
preferable no naa the parallel ro action ssodat. 

Utilizing the parallel reaction aoddl for 
the purpose of prediction the following assumptions 
are n*clc; 

i. - Two reactions, both firat order, occur 
simultaneously, tfcasa arc oxidation ana* substitution > 

'2. chiorino in aqueous solution ia hyarolised 
according to 



a) 



where K£ Is the equilibrium constant' at temperature 



%!W?h fraction Of to* initial lignin of 
the paper pulp resets with tha Mtol ocular chlorine 
in a relatively fast first order reaction? i,«-, 



oxs «= k B [La] ici 2 ] 



C2> 



vhera La ia ubn concentration 0$ Xignin available 
for substJ fcufcion and Jt g ia a function of tciRpexature 
doseribeci by the hrrbenioe equation. 

I. l*e total lignin also reacts with the 
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hj^o chlorous aoi«, H0C1, by oxiflatf.onf i»e./ 

f^o - k !H .tBOCll 
-V 5t^ Q (3) 

■? 

\l whoro X is total lignin, L c re la tee to the roaccion 

by o:tidatioa and k 0 in aoain rclacod to temperature 
by tbc Arrheroiua fcquftticiu, 

The utoichiu&etry of the convussptlon of 
CI 2 K0C1 by Ugnin is rolatod by 
AL„ = a4[C2 2 ] 
10 A L D » b A tMOCl] <5> 

where "a" arid w b N axe the etoichioaetric QOA&tnntt*. 

The foregoing assumptions can be used to 
derive & ttetheroatical roo<Vsi. vhicti is u»>ed by the predic- 
tor as shown in Figure 1» Fox control About a piveu> 
steady snare condition it is assumed that & linearized 
approximation to the aiororottitioned model is ao adequate 

- | representation of the system* This acsuiaption cannot 

- vi be extrapolated over (fi<>> range conditions becauwi 
f the procese is not linear.- Therefore, the linear 

\-j 20 paraTQQtora uaad in the linearized approximation model 

1 must be updated when a major change in the nrocros* 

',j conditions occaza, 

Tbeeo linear parameters axe functions of 
vood species, retention timos botvean chlorine addition 
point and sons or and between chlorine addition point 
and chlox illation Lover outlet, pH, tenporatrure [inlet 
and ambient) , extracted Knppa number set point and 
puvcunt chlorine applied. 

ffwo methode ere available to detontdno the 
30 paramo tar p. The first is by plant tasting which can 
be vary tin* consuming if operative; condition u vary 
widely. Th* second muthod available to determine 
the foregoing paraanetere ie by c Angulation ot the proueee 
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uaing u itatne»ntie&l nodol. 

There are tvo basic vercioaa of tho mathemati- 
cal aodei* First, it tfioy bo bosud on a ain?le "pseudo* 
chajaicnl reaction. She second which is used in the 
prof or red embodiment of the present invention is baaed 
on the two foregoing p&^allci chemical ronetion* including 
the effect of liquid pba*e chemical eguilibriuitw 
The modal. ia in the form of a computer pro-am. It. 
• is believed that the parallel chejuical reaction model 

10 provides a better fit to experimental data over tha 
full range of retention tiraea ainc* it aOCOUoW fer 
the .rapid aubeLi cation reaction whi.oh Is obcorved 
in the datu during tha firat fev aaronde or minutes 
after chlorine addition. Th<* model itsolf includoa 
equation* (!) , (2)* (3) t H> and (5). 

XnitiaHy, the following conditions are 
act i L F L 0f initial chlorine concentration, ^ t * B 
and Jc 0 . K^, k g and. k c are calculated from tho ^poeifiud 
reaction temperature. 

2a The following steps arc then porformod: 

(a) Calculate the actual concentration 

• of CI ^ anfl nocl from tihe hyArolyvla equation {1} . 

(b) Over the integration interval e t calculate 
the amount of lignin reacted by 

AL 9 = k a IC1 2 1 tL fl J At (6) 
b*<v ~ * 0 fltOCj] IL] At P) 

(c) Calculate tee values of lignin by 

+ (0) 

l + i- Cti^ + &r. 0 > w 
•10 and consumption of- Cl g and UOC1 by equations (I) 



J and (5>. 

•i 



{ <ti) Based on changee in Ct^, UOCX, CI and 

11* recompute Ci 2 HOCL for & t using the oquilibrvaA 

i 

\ -13- 
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equation (1). 

{0} HcpOat atepe (b) , (n) find (d> for the dejsire4 
lou a?. t.Unc. rii la Lime, OJf courct, include «j the retention 
tinea of tho prefix* r and the chlorinu tower, The 
result* ox* tbie nolutiojj procedure is to calculate 
the prof ill e of Cl 2 coiieunptlon God wnount of Ltgnin 
re*ir*tod and therefore tho color, DSj of tba pulp 
(which is linear 3 y rented to the awount of lignin) . 

rroifi tho foregoing simulation the linear 
pArafiietere x£ through can be derived for any given 
set of conditions Including a change in rotontion 
time since tho additions of' conpeneate for retention 
time. Also changes in tcropexa tuxe arc coupon* a ted. 
since X T , k 0 nnd k 5 are related to tciuporotrure, 
The four parameters are tho following: 



bus 

ACL 
ADS 



U0) 

(ill 

(12) 



eTiT (13) 
Hher* ci. isf equal bo the percent chlorine appliod, 
BK is equal to the brown vtocfc Kappa numbor input ed 
into the proceaa, kK is equal to the extracted Kappa 
number, and T>9 ifr tbd digital chlort nation wn&ur 
output. illustrated in Piynro 1, tho four paraTtaater* 

K[ through KJJ arc input cd into the predictor lu an 
off-line inodo. At the present tino this is believed 
to be the most; satisfactory wetnod altaough an on- 
line acide mi<jht he ucod vbon needed for certain typofc 
of procroeaee. 
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Tfao prinw tfeeignations re pre c unt th« value 

uaed in fcJti* wodol which nay dif far from -tho Pfcruo" 

values for th» proceae because o£ unavoidable error? in 

activating the poramctore. Ae UiuatrAtea In rigurc 5 

in tho actual proneac shown in block 10 the R*a are 

unpriiraO aftd in the conyuter a* eWm in b.locX 11 the 

;' X and C function* are pxiiued. 

wore specifically/ to determine the p&raniotors 

K£ thxougb from the paralliil react iou Tttodel, small 

10 purturbfttion computations ax« carried out. Fer example t 

to cclculata K{ - 3»s tha Initial values are eet in tbf. 
J <JEE 

wodol end DS ia computed at tJ\e time; tao - tho outlet of 
the premixer, Then the initial value of CI. 1b Changed by 

and is recomputed j the difference is^PS* If Acl 

> S . 

S approachen sere then - 3DG - ADS. 

1 -go: aPZ 

„\ In the linearized vercion of the itiathematinal 

model* the digital chlorinatioa aeneor cutyut, D5 , and 
\A 2Q tho extracted Kappa- number EK, any be related to the 

?. conetants K£ through by the equations i 

y\ PS - Gl U) Km CI + Gl(x) K,, PK 114} 

y EK = CL ■+ bk. (15J 

y\ Those muy be intuitively derived tfinca in equation (3 A) 

the digital coneor output Lb, of course, rolatod to 
initial brovn 9 took Kappa number and the reaction of 
the chlorAnc with that brown ttock. The cwoc ic true 
in equation (15} of the extracted Kappa number, Kk. 
\ The function Cl(z) reictee co tbe dead time of 

r 

■' \ 30 th« prOceen plus the first .order leg response batveeo 

-\ 

i\ CL or BK and the output reeding of the digital chloriiuitian 

■ ■\ sensor and may bo reproirEnted by 

\i 

v 

•> 
. •» 
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1 - (l-Uf 1 
L - 1 - cxv C-T/tl 
T * tine constant 



.(16) 
(17) 

us> 

US) 
W) 
(21) 
X22) 
<J3) 



(tw-Mjr « dead time 
£ = aanpJe inte^Vftl 
>1 « integer 
O ± »l < 1 

the foregone merely lUustratoa a a trantff om» 
function which is similar in the continuous node fco a 
Lap lace fcransiono Junction. 

Prort a practical ataudpoint, inetead 06 prodAcJting 
th« value off B£ paaaing the chlorlno addition point 
<NHl)T» tiiao acjo it is morft practical to predict PK 
which is Lha predicted brot/n Stock Xuppa nuiabar lagged 
by the dynamics Gl'(2). Cl' : iz) would include the process 
rospaxmo tQ^fitnex with the exponenti&l .filtering can th» 
digital chlorination gen rot eional. 

'l'hua, arei/ritincj equation (14) in u now format 



yicid* 



OB « 01 1 (a) K£ CL + kj m , . (24) ^ 
Rearranging equation (34) to aolve for nx $ivee 



UK * DS - QV (Z> K i CL 



*2 



*5 



(25) 



JKewriUng equation (15? to now includo the z 
function givee 

, « CI 1 (2) K 3 CI + K 4 BK (2fi) 

and eubatatytino. equation (25) in elation (26) yields 
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it iv apparent re /Arming to tbo predictor 32 pi! 
Figure 5 that equation (25) nay be utilised to solve lox 

A A 

HK and equation (27] for &K. ike coiuUioo to oo>iatiene (2s) 
and (3?) is ©noun in Mode diagram Cowwit in the predictor 
22. Note that if it 1* do/jircd to solve for UK the 
remainder of block 22 need pot be used. 

Thus, the pro son t invention hoe provided a food L 
forward izype control olgoriUsm which is designed for mstximmo 
dynamic effectiveness by cuiqpunenting for the inherent tiao 
delay between chlorine addition and eonuor po&itioiw Also 
tho present process easily provides for variations in 
chlorl nation tvrnpsrature and in retention time. 



1 
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•HHfl BrtBOrJlKfWTK O* THE TNVTSNTIOM IN OT1CU AW BXCLOS3VE 
PBQFERTK UK pmVIUflfi X$ UIjATMPSO AM SttUNtfU AS * 

1. Iii a JWVhod of controlling thu extracted Ktii^a 
rm«h«r d£ papor pulp in a proooH« having a contiguous flow 
of pulp through priimiidjig tfwnf! trtwtxa a blo&cbintj agent 

ip add<id »jid partial blmUdfttf uO:*:; place and tbrnuv'i 
reactor wean* to substantially complete yucb biaz.chi.a9 y*id 
pulp being iuftoopttbla to the concentration of ligotn "Hich 
xi uwiieufcu^hla by itiJedf which afiViutu said lappa nutabor 
«mi where snia pulp « inbiectrf to valfl J»teachiivr< atfinL in 
a«ld pwrtxing itoans and said- reactor idowjs w&icb af J;cc:i:B 
Raid Kappa number said method compxlawj the follriwimj st«psi 
abasing a eol.or vaiue related to said KaflP* number a* Mr 
Stila material i>een subjected to a aid bLca<:bing aqonf. i» 
paid prefixing wanna? iimvidixig a prediction nuOal which In 
response to satd sensed value, the amount of bloachUg agant 
added, and temperature and retention time in said prewixer 
una reactor wsidi, predial* the futrtto v*iue of said Kappa 
ouBibec after fewlug withdrawn "»ao» raULive to Mm pre* oat 

amount of bleaching og«ni- being addud? and comparing said 
predicted £uturo vaJLUft after boin<f withdrawn Coon tht> reactor 
fficann with a sat point rot* cane* and changing said amount of 
bl«acUin<; agent in respoQM to a la** of Caparison. 

2. A method according to Claim 1 M»n said va.Lne 
' related L:o aaid K*ppa number is measured after said pulp has* 

been ™bjr:«ted to aoiri bUaohimi *fl«nt i" »»W pr«"ixlnq 
fOOAna for a relatively wtiort tin* period as compared to 
*aid retention time oC aaid ronctor mean* which is a 
relatively lontf tine period.. 

3. ft raathod accoruiwj bo Claim 1 where aaid color 
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value fold-ton to said K&ppci nuabor ia acJiuuO toy nuttuurlug th>; 
transmission of a aolaatad wavelength of visible light through 
eoid pulp, meaeuring Lhe tranamiasion of e ■elected wavelength 
of infrared Lhraugh eaid puLp and cotftpioritig said cwo 

nteajtureinaa&&* 

4. A ntethod ns in Ciuin» 3 where said visible 
wavelength £a aubekanLialAy SSO mimsdexon* and «aid infrared 
wwclwigth substantially 1075 mUUmto&viuj. 

£> A method *a in <:laim 3 vhare *aia bleaching 
ai/*ut Its chlorine which ij; consulted in accoxddjjeo wiUi the 
parallel reaction of ligniri viLh chlorine in both o*idotion 
wxl «uto«titubiAn mod** aaid raacLirma beiag affactftd by 
vairLtttiufui i» **id toinpcr«t.urt> and re tout ton blftOi: «atd 
prediction model being raaponaive to said variation*. 

6. A jnathocl of continuously controlling tho 1 iijOOtiOJl 

' of a bleaching agent into a moving stream of brown stock for 
producing a desired bnS.ghi:i\ew in ube brown Bt:ock auch brown 
attx:X after aaifl injection being retained In reactor tt&ans 

. ti k'rodotcrmltwd cefactfttion titm> to nuhabanbially coxnpJ.eLe the 
bleaching and thai oaf tec w i.thrt c nvm Brum Bald veaofeM at: a 
oontinuouB rat*, said raothod comprising tho stop* oC; ?n : :naLng 
the color (1>S> of Sold SLOrjK eifte/; said bleaching agent ie 
ijijucted but before Baid atock. ia placed in said xeaotttj: 
luaacifc, predicting tnf; extracted Kappa number, KK, ox ©aid 
atoclc after being witiidrcrtm from aaa* reactor baaed on tho 
current value? of; pexc^TH; bleaching agent applied (CL) and the 
darkness of the brown stock <BK) by 

and 

. m - C5L ' (I) Cb JSK U) 
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where IrtC in the predicted dorhniiM of th« brown a took 
logged by tb* dynamic** CI 4 (*1 «"d tfulMifcifcutijifl fcquaLion (1) 
in (2) 

- K i US * 01' (2) IKI- K «*i ] a. 

whore Cl'U) 1* A * ►•yp tt ConcLioo refiecLifl? lag response 
rith CftBpect to a change in brightness Bunaud ftiucr addition 
of bleaching agent where 

X Ac£ 

k; » A Kit 

K' " A EX 
4 ATS 

said foregoing parage terR XJ^ through X£ being dOriVed IlTOW 
a mathematical model based on tlx* pKrailul reaction of brown 
&ub£tanco tri said brown Black with said bleachifl? cnjcuit *i\ 
both oxidcvtuoa and uubiitikufclan anodes said derivation being 
baBed on ambient tamper utujctt: o\' r.aicl fcvown a-toc* and said 
retention Lime in siud rceaetor maana along with obhur paraweuex 
oil the method, and comparing BK tilth d net point reference uiad 
changing tfco In j nation of said bleaching agent in response' to 
a lack ol: canrpaxiBon, 
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